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(54) Surface processing method and surface processing device for silicone substrates 



(57) A silicon wafer (12) is set in a processing bath 
(11) and an HF water solution and ozone water are 
respectively supplied from an HF line (13) and ozone 
water line (14) into the processing bath via an HF valve 
(19) and ozone water valve (20) to create a mixture. The 
mixture contains an HF water solution with a concentra- 
tion of 0.01% to 1% and ozone water with a concentra- 



tion of 0.1 ppm to 20 ppm, has substantially the same 
etching rate for silicon and for silicon oxide film and is 
used at a temperature in the range of 10 to 30°C. The 
silicon wafer (12) and the silicon oxide film formed on 
part of the surface of the wafer can be simultaneously 
cleaned by use of the above mixture. 
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Description 

This invention relates to an etchant used in a man- 
ufacturing process for semiconductor devices such as 
ICs and LSIs, and a surface processing method and 
surface processing device for silicon substrates using 
the above etchant, and is particularly suitable for clean- 
ing of a silicon wafer (silicon substrate) having a silicon 
oxide film formed on part of the surface thereof. 

Generally, for cleaning silicon wafers, a cleaning 
solution called an SC-1 solution containing NH 4 OH, 
H 2 0 2 and H 2 0 with the volume ratio of NH 4 OH : H 2 0 2 : 
H 2 0 of 1 : 1 : 5 and kept at a temperature of approx. 
70°C is used. 

The SC-1 solution contains ammonia which is alka- 
line and has a property of etching silicon. The lift-off 
effect obtained by etching silicon is considered as a sort 
of mechanism for removing particles attached to the 
surface of the silicon wafer. However, the SC-1 solution 
used in the conventional cleaning technique, the clean- 
ing method and cleaning device using the SC-1 solution 
have the following problems. 

(1) The surface roughness caused by etching the 
surface of the silicon wafer degrades the reliability 
of the gate oxide film. This is described in, for exam- 
ple, Symposium on VLSI Technology, Ohiso pp. 45- 
46, May 1991 M. Miyashita, M. Itano, T Imaoka, I. 
Kawabe and T. Ohmi "Dependence of thin oxide 
films quality on surface micro-roughness". 

(2) If Fe, Ah Zn or the like is contained in the SC-1 
solution, the metal impurity is attached to the sur- 
face of the silicon wafer to contaminate the silicon 
wafer against its purpose. 

(3) The etching rate by use of the SC-1 solution for 
silicon is different from and higher than that for sili- 
con oxide film (Si = approx. 20 A/min, Si0 2 = 
approx. 1 A/min). Therefore, the rate of removal of 
particles by the lift-off effect is different on the sur- 
face of the silicon wafer and on the surface of the 
silicon oxide film. For this reason, when the clean- 
ing process is effected with the silicon oxide film 
formed on the silicon wafer, it becomes necessary 
to clean the silicon wafer surface and the silicon 
oxide film surface in different steps by use of differ- 
ent cleaning solutions. 

(4) Since the process is effected at temperatures of 
70°C to 80°C, ammonia and the like are evaporated 
to make a contamination source in the clean room. 

As described above, with the conventional etchant, 
and the surface processing method and surface 
processing device for silicon substrates using the above 
etchant, the surface of the processed silicon substrate 
becomes rough and the processing solution causes 
contamination by metal impurity contained therein 
against its purpose. Further, since the particle removing 
rate (etching rate) is different for the surface of the sili- 
con substrate and for the surface of the silicon oxide 



film, it becomes necessary to effect different cleaning 
steps when the surface of the silicon substrate having a 
silicon oxide film formed thereon is processed, thereby 
increasing the number of steps. In addition, the high- 

s temperature process is required and a problem that the 
cleaning solution makes a contamination source in the 
clean room may occur. 

Accordingly, a first object of this invention is to pro- 
vide an etchant capable of making the surface of a proc- 

70 essed silicon substrate flat, effecting the particle 
removing process at the same rate for the silicon sub- 
strate surface and for the silicon oxide film surface with- 
out causing contamination by metal impurity contained 
therein against its purpose, and permitting the process 

15 to be effected at the room temperature. 

A second object of this invention is to provide a sili- 
con substrate surface processing method capable of 
making the surface of a processed silicon substrate flat, 
effecting the particle removing process at the same rate 

20 for the silicon substrate surface and for the silicon oxide 
film surface without causing contamination by metal 
impurity contained in a processing solution against its 
purpose, and permitting the process to be effected at 
the room temperature. 

25 A third object of this invention is to provide a silicon 
substrate surface processing device capable of making 
the surface of a processed silicon substrate flat, effect- 
ing the particle removing process at the same rate for 
the silicon substrate surface and for the silicon oxide 

30 film surface without causing contamination by metal 
impurity contained in a processing solution against its 
purpose, and permitting the process to be effected at 
the room temperature. 

The first object can be attained by an etchant com- 

35 prising an HF water solution with a concentration of 
0.01% to 1%, and ozone water with a concentration of 
0.1 ppm to 20 ppm, wherein the etching rate for silicon 
and the etching rate for silicon oxide film are substan- 
tially the same and the temperature thereof is kept in the 

40 range of 10 to30°C. 

If the above etchant is used to process the surface 
of the silicon substrate, the surface of the silicon sub- 
strate after the processing can be made flat in compari- 
son with a case wherein an SC-1 solution is used and a 

45 lowering in the reliability of a gate oxide film formed in 
the later step can be suppressed to enhance the reliabil- 
ity of the silicon element. The etchant can prevent con- 
tamination by metal impurity and remove heavy metal 
such as Cu and the like which cannot be removed only 

so by use of the HF water solution. Further, since the proc- 
ess can be effected at room temperatures, a problem 
that the etchant makes a contamination source of the 
clean room does not occur, and since the ozone water 
after the cleaning process can be easily decomposed 

55 by UV application or the like, waste disposal can be eas- 
ily effected and environment pollution can be sup- 
pressed. Further, since the etching rate for silicon and 
the etching rate for the silicon oxide film are substan- 
tially equal to each other, the silicon substrate surface 
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and the surface of a silicon oxide film formed on the sur- 
face of the silicon substrate can be simultaneously 
cleaned. 

The second object can be attained by a silicon sub- 
strate surface processing method comprising the steps 
of setting a silicon substrate having a silicon oxide film 
formed on part of the surface thereof into a processing 
bath; supplying an HF water solution and ozone water 
into the processing bath to create a mixture containing 
HF with a concentration of 0.01% to 1% and ozone 
water with a concentration of 0.1 ppm to 20 ppm and 
kept at a temperature of 10 to 30°C; and simultaneously 
etching the silicon substrate and silicon oxide film at 
substantially the same etching rate with the mixture 
contained in the processing bath. 

According to the above surface processing method, 
the surface of the silicon substrate after the processing 
can be made flat in comparison with a case wherein a 
processing method using an SC-1 solution is used and 
a lowering in the reliability of a gate oxide film formed in 
the later step can be suppressed to enhance the reliabil- 
ity of the silicon element. Further, in the above process- 
ing method, contamination by metal impurity can be 
prevented and heavy metal such as Cu and the like 
which cannot be removed only by use of this HF water 
solution can be removed, thereby attaining a significant 
cleaning effect. Further, since the process can be 
effected at room temperatures, there occurs no possibil- 
ity that the clean room is contaminated, and since the 
ozone water after the cleaning process can be easily 
decomposed by UV application or the like, waste dis- 
posal can be easily effected and environment pollution 
can be suppressed. Further, since the etching rate for 
silicon and the etching rate for the silicon oxide film are 
substantially equal to each other and the silicon sub- 
strate surface and the surface of a silicon oxide film 
formed on the surface of the silicon substrate can be 
simultaneously cleaned, steps of processing the silicon 
substrate surface and the surface of the silicon oxide 
film and a cleaning step using pure water effected 
between the above steps which are required in the con- 
ventional case can be omitted and the cleaning process 
can be effected in a single step in this invention and the 
processing step can be made simple and short. 

The third object can be attained by a silicon sub- 
strate surface processing device comprising a process- 
ing bath for accommodating a silicon substrate; HF 
supplying means for supplying an HF water solution 
with a concentration of 0.01% to 1% into the processing 
bath; ozone water supplying means for supplying ozone 
water with a concentration of 0.1 ppm to 20 ppm into the 
processing bath; pure water supplying means for sup- 
plying pure water into the processing bath; and control 
means for controlling the HF supplying means, ozone 
water supplying means and pure water supplying 
means to effect the surface processing, controlling the 
HF supplying means and ozone water supplying means 
to create a mixture containing an HF water solution and 
ozone water in the processing bath and process the sur- 



face of the silicon substrate, then controlling the ozone 
water supplying means to replace the mixture in the 
processing bath by ozone water, and controlling the 
pure water supplying means to replace the ozone water 

5 in the processing bath by pure water. 

According to the above surface processing device, 
the surface of the silicon substrate after the processing 
can be made flat in comparison with a case wherein a 
processing device using an SC-1 solution is used and a 

10 lowering in the reliability of a gate oxide film formed in 
the later step can be suppressed to enhance the reliabil- 
ity of the silicon element. Further, by using the above 
processing device, contamination by metal impurity can 
be prevented and heavy metal such as Cu and the like 

15 which cannot be removed only by use of the HF water 
solution can be removed, thereby attaining a significant 
cleaning effect. Further, since the process can be 
effected at room temperatures, there occurs no possibil- 
ity that the clean room is contaminated, and since the 

20 ozone water after the cleaning process can be easily 
decomposed by UV application or the like, waste dis- 
posal can be easily effected and environment pollution 
can be suppressed. Further, since the etching rate for 
silicon and the etching rate for the silicon oxide film are 

25 controlled by the control means so as to be substantially 
equal to each other, the silicon substrate surface and 
the surface of a silicon oxide film formed on the surface 
of the silicon substrate can be simultaneously cleaned, 
and steps of processing the silicon substrate surface 

30 and the surface of the silicon oxide film and a cleaning 
step using pure water effected between the above steps 
which are required in the conventional case can be 
omitted and the cleaning process can be effected in a 
single step in this invention and the processing step can 

35 be made simple and short, and the control process can 
be simplified. 

This invention can be more fully understood from 
the following detailed description when taken in con- 
junction with the accompanying drawings, in which: 

40 

FIG. 1 is a schematic construction diagram of a sil- 
icon substrate surface processing device to which 
this invention is applied, for illustrating an etchant 
according to one embodiment of this invention, and 

45 a silicon substrate surface processing method and 
surface processing device using the etchant; 
FIG. 2 is a flowchart for illustrating the silicon sub- 
strate surface processing method using the surface 
processing device shown in FIG. 1; 

so FIG. 3 is a diagram for illustrating the relation 
between the HF concentration in a mixture of HF 
water solution and ozone water and the etching 
rates for silicon and silicon oxide film; and 
FIG. 4 is a schematic view of a cleaning apparatus 

55 for performing the above-described sheet-fed type 
cleaning, useful in explaining a method for treating 
the surface of a silicon substrate according to 
another embodiment of the invention. 
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FIG. 1 is a schematic construction diagram of a sil- 
icon substrate surface processing device to which this 
invention is applied, for illustrating an etchant, and a sil- 
icon substrate surface processing method and surface 
processing device using the etchant. 

To a processing bath 11 having a silicon wafer 12 
set therein, an HF supply line 13 for supplying an HF 
water solution into the processing bath 1 1 , an ozone 
water supply line 14 for supplying ozone water, and a 
pure water supply line 15 for supplying pure water are 
connected. An HF valve 19, ozone water valve 20 and 
pure water valve 21 are respectively inserted in the sup- 
ply lines 13, 14 and 15. The open/closed position of 
each of the valves 19, 20, 21 is controlled by a computer 
1 7 so that necessary amounts of respective liquids can 
be selectively supplied into the processing bath 1 1 . The 
respective liquids overflowing the processing bath 11 
are drained via a drainage tine 18. 

Further, in the processing bath 11, an ultrasonic 
diaphragm 16 for subjecting the liquids to ultrasonic 
vibration is provided, and the computer 17 controls the 
ultrasonic wave radiation timing as well as the supply of 
respective liquids. 

The ozone water is created by dissolving ozone gas 
in pure water via a membrane film. 

Next, the silicon substrate surface processing 
method by the above surface processing device is 
explained with reference to the flowchart shown in FIG. 
2 by taking the process of cleaning a silicon substrate 
(silicon wafer -12) having a silicon oxide film formed on 
part of the surface thereof as an example. 

After the silicon wafer 12 is set in the processing 
bath 11 (STEP 1), the valve 19 of the HF supply line 13 
and the valve 20 of the ozone water supply line 20 are 
opened by the control of the computer 17. As a result, 
the HF water solution and ozone water are supplied into 
the processing bath 11 to make a mixture. At this time, 
for example, the ozone water with a concentration of 2 
ppm is supplied into the processing bath 1 1 at a flow 
rate of approx. 20 litter/minute and the HF water solution 
with a concentration of approx. 40% is supplied into the 
processing bath at a flow rate of 100 cc/minute (STEP 
2). 

When the processing bath 1 1 is filled with the mix- 
ture of HF water solution and ozone water, the valves 
19, 20 are closed and the state is maintained for three 
minutes (cleaning time) (STEP 3). The temperature of 
the mixture is kept at a room temperature, that is, a tem- 
perature of 23 to 25°C. 

After this, the ozone water valve 20 is opened and 
the mixture of HF water solution and ozone water in the 
processing bath 1 1 is replaced by ozone water. Ozone 
water is continuously supplied to overflow for approx. 10 
minutes so as to fill the processing bath 11 with ozone 
water (STEP 4). 

Next, the ozone water valve 20 is closed and the 
pure water valve 21 is opened to supply pure water into 
the processing bath 11 so as to replace the ozone water 
by the pure water (STEP 5). 



Then, the silicon wafer 12 is taken out and dried 
(STEP 6), and thus the cleaning process is completed. 

FIG. 3 shows the etching rates for a silicon film and 
silicon oxide film (thermal oxidation film) in an etchant 

5 according to this invention. When the concentration of 
the ozone water before mixing is approx. 2 ppm, the 
etching rates for the silicon film and thermal oxidation 
film can be adjusted according to the HF concentration. 
Therefore, unlike the case of SC-1 solution, the etching 

w amounts of the silicon film and thermal oxidation film 
can be made substantially equal to each other by set- 
ting the HF concentration to 0.2%, for example. Further, 
the surface roughness of the silicon film at this time is 
approx. 0.081 nm and is approximately equal to the sur- 

15 face roughness of 0.091 nm which is obtained by the 
process using an HF water solution, and the extremely 
flat surface in comparison with the surface roughness of 
0.3 nm which is obtained by the cleaning process using 
an SC-1 solution can be obtained. Further, the mixture 

20 of HF water solution and ozone water can not only pre- 
vent attachment of metal impurity contained in the mix- 
ture, but also remove heavy metal such as Cu which 
cannot be removed only by use of HF water solution. 
Since the process can be effected at the room tempera- 

25 ture and the ozone water after the cleaning process can 
be easily decomposed by UV application or the like, 
waste disposal can be easily effected and environment 
pollution can be suppressed. The particle removing 
effect can be enhanced by applying ultrasonic waves to 

30 the ozone water or pure water in the processing bath 1 1 
by driving the ultrasonic diaphragm 16 under the control 
of the computer 17 while the ozone water or pure water 
is overflowing in the process of STEP 4 or STEP 5. 
In the above explanation, a case wherein the mix- 

35 ture of HF water solution and ozone water is used is 
explained as an example, but buffered hydrofluoric acid, 
for example, a water solution containing hydrofluoric 
acid and ammonium acid fluoride may be used instead 
of the HF water solution. In this case, ammonium acid 

40 fluoride is contained in the mixture, but the same effect 
can be attained even if a small amount of foreign matter 
is contained. Further, the batch type cleaning process is 
explained, but the same effect can be attained when this 
invention is applied to the sheet-fed type cleaning proc- 

45 ess. 

According to the experiments by the inventor of this 
application and others, a sufficiently high cleaning effect 
can be attained if the HF concentration of the mixture is 
in the range of 0.01% to 1% and the concentration of the 

so ozone water is in the range of 0.1 ppm to 20 ppm. Fur- 
ther, the above liquids can be used in steps other than 
the cleaning step by adjusting the concentration thereof. 
Further, since the ozone concentration becomes higher 
when the temperature of the mixture is low and ozone is 

55 decomposed when the temperature thereof becomes 
high, it is preferable to set the temperature in the range 
of 10 to 30°C. 

FIG. 4 is a schematic view of a cleaning apparatus 
for performing the above-described sheet-fed type 
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cleaning, useful in explaining a method for treating the 
surface of a silicon substrate according to another 
embodiment of the invention. The silicon substrate (sili- 
con wafer) 12 is placed on a rotary table 22. A nozzle 23 
is provided above the rotary table 22. Before cleaning, 5 
HF water solution is mixed with ozone water to create a 
cleaning mixture with an HF concentration of 0.01% to 
1%, an ozone water concentration of 0.1 ppm to 20 
ppm, and a temperature of 10 to 30°C. Thereafter, while 
the rotary table is rotated, the mixture is applied from 10 
the nozzle 23 to the to-be-cleaned surface of the silicon 
substrate 12 (on which a silicon oxide film is partially 
formed). At this time, the nozzle 23 is moved in the 
radial direction of the silicon substrate 12, as is indi- 
cated by arrow A. as a result, the silicon substrate 12 75 
and the silicon oxide film formed thereon are etched at 
substantially the same etching rate, thereby performing 
etching. 

As described above, according to this invention, an 
etchant and a silicon substrate surface processing 20 
method and surface processing device which can make 
the surface of a processed silicon substrate flat, effect 
the particle removing process at the same rate for the 
silicon substrate surface and for the silicon oxide film 
surface without causing contamination by metal impu- 25 
rity contained therein against its purpose, and permit- 
ting the process to be effected at the room temperature 
can be obtained. 

Claims 30 

1 . An etchant used in a process of manufacturing a 
semiconductor device, characterized by comprising 
a mixture containing an HF water solution with a 
concentration of 0.01% to 1% and ozone water with 35 
a concentration of 0.1 ppm to 20 ppm; and charac- 
terized in that said mixture has substantially the 
same etching rate for silicon and for silicon oxide 
film and is used at temperatures in the range of 10 

to 30°C. 40 

2. An etchant according to claim 1, characterized in 
that said mixture is used to clean the surface of a 
silicon substrate (12) and a silicon oxide film formed 

on the surface of the silicon substrate. 45 

3. A silicon substrate surface processing method 
characterized by comprising a step (STEP 1 ) of set- 
ting a silicon substrate (12) having a silicon oxide 
film formed on part of the surface thereof into a so 
processing bath (1 1); a step (STEP 2) of supplying 

an HF water solution and ozone water into the 
processing bath to create a mixture containing HF 
with a concentration of 0.01% to 1% and ozone 
water with a concentration of 0.1 ppm to 20 ppm 55 
and kept at a temperature of 10 to 30°C; and a step 
(STEP 3) of simultaneously etching the silicon sub- 
strate and silicon oxide film at substantially the 
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same etching rate with the mixture contained in the 
processing bath. 

4. A surface processing method according to claim 3, 
characterized in that said step (STEP 3) of simulta- 
neously etching the silicon substrate and silicon 
oxide film at substantially the same etching rate is a 
cleaning step. 

5. A silicon substrate surface processing method 
characterized by comprising a step (STEP1) of set- 
ting a silicon substrate (12) into a processing bath 
(1 1); a step (STEP 2, STEP 3) of supplying at least 
an HF water solution and ozone water into the 
processing bath to create a mixture containing HF 
with a concentration of 0.01% to 1% and ozone 
water with a concentration of 0.1 ppm to 20 ppm 
and kept at a temperature of 10 to 30°C and 
processing the surface of the silicons substrate by 
use of the mixture; a step (STEP 4) of supplying 
ozone water into the processing bath to replace the 
mixture by the ozone water; a step (STEP 5) of sup- 
plying pure water into the processing bath to 
replace the ozone water by the pure water; and a 
step (STEP 6) of taking out the silicon substrate 
from the processing bath and drying the same. 

6. A surface processing method according to claim 5, 
characterized in that said step (STEP 3) of process- 
ing the surface of the silicon substrate by use of the 
mixture is a step of cleaning the surface of the sili- 
con substrate. 

7. A surface processing method according to claim 5, 
characterized in that the silicon substrate (1 2) has a 
silicon oxide film formed on part of the surface 
thereof, and said step (STEP 3) of processing the 
surface of the silicon substrate by use of the mixture 
is a step of simultaneously cleaning the surface of 
the silicon substrate and the surface of the silicon 
oxide film. 

8. A surface processing method according to claim 5, 
characterized in that said step (STEP 4) of supply- 
ing ozone water into the processing bath to replace 
the mixture by the ozone water is effected while 
ultrasonic vibration is applied. 

9. A surface processing method according to claim 5, 
characterized in that said step (STEP 5) of supply- 
ing pure water into the processing bath to replace 
the ozone water by the pure water is effected while 
ultrasonic vibration is applied. 

10. A silicon substrate surface processing device char- 
acterized by comprising a processing bath (11) for 
accommodating a silicon substrate (12); HF supply- 
ing means (13, 19) for supplying an HF water solu- 
tion with a concentration of 0.01% to 1% into said 
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processing bath; ozone water supplying means (14, 
20) for supplying ozone water with a concentration 
of 0.1 ppm to 20 ppm into said processing bath; 
pure water supplying means {15, 21) for supplying 
pure water into said processing bath; and control 5 
means (17) for controlling said HF supplying 
means, ozone water supplying means and pure 
water supplying means to effect the surface 
processing of the silicon substrate and character- 
ized in that said control means controls said HF w 
supplying means and ozone water supplying 
means to create a mixture containing an HF water 
solution and ozone water in said processing bath 
and process the surface of the silicon substrate, 
then controls said ozone water supplying means to 15 
replace the mixture in said processing bath by 
ozone water, and controls said pure water supply- 
ing means to replace the ozone water in said 
processing bath by pure water 

20 

1 1 . A surface processing device according to claim 1 0, 
characterized in that said HF supplying means 
includes an HF supplying line (13) for supplying an 
HF water solution into said processing bath (11); 
and an HF valve (19) provided in said HF supplying 25 
line, the ON/OFF position thereof being controlled 

by said control means (17). 

12. A surface processing device according to claim 10, 
characterized in that said ozone supplying means 30 
includes an ozone water supplying line (1 4) for sup- 
plying ozone water into said processing bath (11); 
and an ozone water valve (20) provided in said 
ozone water supplying line, the ON/OFF position 
thereof being controlled by said control means (17). 35 

13. A surface processing device according to claim 10, 
characterized in that said pure water supplying 
means includes a pure water supplying line (15) for 
supplying pure water into said processing bath (11); 40 
and a pure water valve (21) provided in said pure 
water supplying line, the ON/OFF position thereof 
being controlled by said control means (17). 

14. A surface processing device according to claim 10, 45 
characterized in that said control means includes a 
computer (17). 

15. A surface processing device according to claim 10, 
characterized by further comprising ultrasonic wave so 
generating means (16) for applying ultrasonic 
waves into said processing bath (11). 

16. A surface processing device according to claim 10, 
characterized in that the temperature of the mixture 55 
containing ozone water and HF water solution cre- 
ated in said processing bath (1 1) is set in the range 
of10to30°C. 
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17. A device for cleaning a silicon substrate having a 
silicon oxide film formed on part of the surface 
thereof, characterized by comprising a processing 
bath (11) for accommodating a silicon substrate 
(1 2) having a silicon oxide film formed on part of the 
surface thereof; an HF supplying line (13) for sup- 
plying an HF water solution with a concentration of 
0.01% to 1% into said processing bath; an HF valve 
(19) provided in said HF supplying line, for control- 
ling supply of the HF water solution into said 
processing bath; an ozone water supplying line (14) 
for supplying ozone water with a concentration of 
0.1 ppm to 20 ppm into said processing bath; an 
ozone water valve (20) provided in said ozone 
water supplying line, for controlling the supply of 
ozone water into said processing bath; a pure water 
supplying line (15) for supplying pure water into 
said processing bath; a pure water valve (21) pro- 
vided in said pure water supplying line, for control- 
ling the supply of pure water into said processing 
bath; and a computer (17) for controlling the 
ON/OFF positions of said HF valve, ozone water 
valve and pure water valve; characterized in that 
said computer opens said HF vaive and ozone 
water valve to create a mixture containing an HF 
water solution and ozone water in said processing 
bath, then closes said HF valve and ozone water 
valve and simultaneously cleans the silicon sub- 
strate and silicon oxide film, then opens said ozone 
water valve to replace the mixture in said process- 
ing bath by ozone water, and opens said pure water 
valve after closing said ozone water valve to 
replace the ozone water in said processing bath by 
pure water. 

18. A surface processing device according to claim 1 7, 
characterized by further comprising an ultrasonic 
diaphragm (16) provided on said processing bath 
(11). 

19. A surface processing device according to claim 1 7, 
characterized in that the temperature of the mixture 
containing ozone water and HF water solution is set 
in the range of 10 to 30°C. 

20. A method for treating the surface of a silicon sub- 
strate, characterized by comprising: 

the step of mixing HF water solution with 
ozone water thereby to create a mixture with an HF 
concentration of 0.01% to 1%, an ozone water con- 
centration of 0 1 ppm to 20 ppm, and a temperature 
of 10 to 30 C. and 

the step of applying the mixture from a noz- 
zle (23) to the surface of a silicon substrate (12) on 
which a silicon oxide film is partially formed, thereby 
to etch the silicon substrate (12) and the silicon 
oxide film formed thereon at substantially the same 
etching rate. 
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21 . The method according to claim 20, characterized in 
that the step of etching the silicon substrate (12) 
and the silicon oxide film at substantially the same 
etching rate is a cleaning step. 

5 

22. The method according to claim 20, characterized in 
that the step of etching the silicon substrate (12) 
and the silicon oxide film formed thereon at sub- 
stantially the same etching rate is performed, while 

the silicon substrate (1 2) is placed on a rotary table 10 
(22) and rotated together with the rotary table (22), 
and the nozzle (23) is moved in a radial direction (A) 
of the silicon substrate (12). 

75 
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